A noticeable decline of Quercus ithaburensis ssp. Macrolepis, a typical mediterranean species, has been recorded in the past few decades throughout Greece. The triggers were mostly human influences and specifically illegal cuttings, wildfires, and overgrazing. Regeneration and future management of this species is therefore questionable. To investigate the effect of companion plants on this decline as expressed by water availability and plant growth, a pot experiment was conducted and oak seedlings were planted with Bromus sterilis and a mixture of Trifolium repens and T. fragiferum as companion plants. Midday water potential from May to September and oak growth at the end of the experiment were measured as factors affecting oak physiology. The results suggest a different effect on the water potential of the oak seedlings depending on the companion plant species and the time of the year. The presence of a companion plant that has completed its life cycle by the end of spring may positively influence the water status of oaks during the summer months due to shading and lower soil water evaporation. On the contrary, when the companion plants continue their life cycle in the summer, the negative effect may be continued, specifically during the very dry months. The negative effect of grass on the growth of oaks may be attributed to their shading from the dense grass biomass. It can be concluded that control of competitive vegetation, especially of grasses, is crucial for Quercus ithaburensis ssp. macrolepis regeneration by natural (from acorns) or artificial (with up to one-year-old seedlings) methods. This control is necessary at least in the first year after establishment, when seedling height is less than that of the competitive vegetation. If the latter can not be removed by some ways (e.g. controlled grazing), then it is safer to use taller oak seedlings of an older age in the reforestation projects.
INTRODUCTION
Quercus ithaburensis Decaisne ssp. macrolepis Kotschy is a typical mediterranean species that grows from Italy to Israel and Palestine (Quezel and Bonin, 1980; Athanasiadis, 1986; Quezel and Barbero, 1985; Tutin et al., 1993) . In Greece, it is found from the north-east part of the country to the island of Crete, in the south (Pantera and Papanastasis, 2003; Athanasiadis, 1986) . It mostly prefers warm areas where it forms dense forest stands. There were extensive Quercus ithaburensis ssp. macrolepis forests in the past (Tsitsas, 1978; Grispos, 1936) but only a few remain today due to illegal cuttings, wildfires, and overgrazing (Schultz et al., 1987) . It has been widely used in the past for dye production extracted from its acorn cups as well as for fodder for its acorns (Grispos, 1936) . Nowadays only its acorns are used for feed to livestock whereas its low quality wood is generally used only for firewood (Schultz et al., 1987) .
In the past few years, there has been a growing interest for the species to be included in reforestation as well as in research projects (Radoglou, 1996; Tsakaldimi et al., 2000; Fotelli et al., 2000) . On the other hand, there is extensive information on regeneration of oak species and the factors that are affecting it (Baker et al., 1981; Gordon et al., 1991; Lorimer et al., 1994; Muick, 1997; McCreary and Tecklin, 1997) . The existing knowledge on Quercus ithaburensis ssp. macrolepis establishment and regeneration is circumstantial and no scientifically documented information is available. More important, there is no information on the factors that affect species establishment and growth.
Quercus ithaburensis ssp. macrolepis forms typical silvopastoral systems in several parts of Greece, which are mainly used for grazing by livestock, especially sheep. Pantera and Papanastasis (2003) documented regeneration problems mainly caused by overgrazing. Does understory vegetation contribute to this regeneration problem? In general, companion herbaceous plants greatly influence the establishment and growth of woody species. As Gordon et al. (1989) mention, the spatial arrangement and size of adjacent plants has partially explained the variability in growth and seed production of target plants in experimental and model systems (Weiner, 1982; Heywood and Levin, 1986; Firbank and Watkinson, 1987) . It is logical to assume that species identity within a neighborhood will affect the intensity of interspecific competition. The interplantation of species with different morphology as well rooting and growth patterns has been hypothesized to permit species coexistence (McDicken and Vergara, 1990; Sharow and Fletcher, 1994; Koukoura et al., 1999) . This paper represents a first attempt to investigate the effects of the companion plants on Q. ithaburensis ssp. macrolepis. Specifically, water availability and field performance of growth as influenced by the presence of companion herbaceous plants was investigated so that guidelines are developed for proper regeneration and management of the species.
MATERIALS AND METHODS
The research was conducted at the State Forest Nursery of Amygdaleza, on the foothill of Parnitha mountain, near Athens, Greece (38 Quercus ithaburensis ssp. macrolepis acorns were collected from various areas of the prefecture of Attica. The quality of seeds was tested visually and by the water-bath method described by Bonner and Vozzo (1987) . The acorns were first pre-germinated and then planted in plastic containers of 60 cm diameter, 80-90 cm height, and approximately 283.5 L volume. Four oak plants were randomly selected and planted in each container. The volume (liters) of the plastic containers was considered adequate to eliminate any possible competition between the species for space.
The companion species were the annual grass Bromus sterilis and a mixture of two perennial clovers Trifolium repens and T. fragiferum (20:1). Bromus sterilis has a relatively dense root biomass (Papanastasis and Karagiannakidou-Papadimitriou, 1983) and is widely distributed in the Quercus ithaburensis ssp. macrolepis environment. Trifolium species are also found in the oak's environment but restricted in the better sites (with deep soil). Trifolium seedlings initially develop an extensively branched tap root system and, subsequently, adventitious roots with numerous lateral branches arise from the nodes of stolons. Most of the Trifolium roots are found in the upper 20 cm of soil (Caradus, 1990; Frame et al., 1998) . Seeds of the companion plants were collected in 1996 and were seeded directly to the plastic containers at a mean density of 350 plants m -2 or about 100 plants/container. This density was chosen after field trials in areas where Quercus ithaburensis ssp. macrolepis was found. Gordon et al. (1989) used similar densities based on a report of Heady (1958) for California annual grasslands.
Overall, 30 plastic containers were used. Ten of them were planted with only Quercus ithaburensis ssp. macrolepis, ten with Q. ithaburensis ssp. macrolepis and grass, and ten with Q. ithaburensis ssp. macrolepis and clovers. Any other plants growing in the containers were removed manually during the experiment.
Water potential measurements were made by the Dew Point Method using a Wescor Microvoltometer and an L-51 Leaf Hygrometer/Psychrometer. The method was chosen based on the relevant literature (Campbell and Campbell, 1974; Brown and Tanner, 1981; Savage et al., 1983) and the fact that it was necessary at the end of the experiment to measure the amount of leaves in each oak seedling. The measurements were initiated in mid-April 1997, repeated every 20 days and terminated in the first week of September 1997. Altogether, seven midday water potential measurements were taken of the oak plants over the whole season. Measurements were made on one leaf per plant (Brown and Tanner 1981) , facing the sun (Baker et al., 1981) .
Plants were watered to field capacity weekly. Before sampling only half of the plants were watered. All plants were well watered after the termination of each measurement.
All the plants were harvested at the end of the experiment and were carried in plastic bags to the laboratory where they were oven dried at 70 0 C. Before drying, oak plants were separated into stems, leaves, and roots. For each plant the following parameters were recorded: i. total number of leaves and dry weight, and ii. stem and root length and dry weight.
For the water potential data, a two-way analysis of variance was applied within each date with planting combinations and water being the two factors. For the growth data, only the planting combinations were compared with an one-way analysis of variance since all plants received the same amount of water as regard the growth parameters. In both cases, the studentised range test of the means was applied after ANOVA (Anderson and McLean, 1974) . On an overall basis, all the plants received the same amount of water so no discrimination, as to irrigation, was made on the growth parameters. All tests for significance were conducted at p=0.05
All the statistical analyses were performed by the SPSS v.13 software program. Figure 1 shows that the highest water potential values were found for the watered Quercus ithaburensis ssp. macrolepis plants whereas the lowest for the water-stressed plants, for all sampling dates. No statistical differences were found between the watered plants in all sampling dates. There were no statistical differences in the water potential of the water-stressed plants, Tsakaldimi et al. (2000) and Fair and Breshears (2005) for water-stressed oak plants. Oaks growing with grass had higher water potential than those growing with clover. It should be noted that by that date the grass had already completed its life cycle. Furthermore, July was a very warm and dry month and the temperatures during the sampling date were the highest of all other dates and ranged from 18.8 to 33. 
RESULTS

Water potential
Growth data
The presence of grass negatively affected the growth of valonia oak as expressed by the leaf numbers and dry weight as well as the stem dry weight (Table 1 ). Values followed by the same letter within each row are not different at the 0.05 level of significance.
The presence of clover favored root growth of the oaks since root dry weight and length were found higher as compared with the other two growing combinations ( Table 1 ). The positive effect of nitrogen fixing species on companion plants' growth have been documented in previous studies (Heichel and Henjum, 1991; Pantera and Pope, 1993) and may be partly attributed to higher amounts of soil available nitrogen. The growing combinations did not affect oaks' stem length, at least for the study period.
One of the most common drought adaptations of oaks, additionally to the deep extensive root system, is the high root-to-shoot ratio (Abrams, 1990; Pallardy and Rhoads, 1993) . This ratio (R/S) was found lower for the oaks that grew with the clover (Table 1) . There are no previous data on the species root-to-shoot ratio but comparing our data with those reported by Drunasky and Struve (2005) , for Quercus macrocarpa and Q. prinus, it appears that the presence of clover favors oak performance. (Table 2) , and specifically, grasses were higher than the mean height of oaks (Table 1) . Furthermore, based on data by Koukoura and Menke (1995) for Quercus douglasii, the density of the grasses may be considered as high. The clover had established numerous stolons by harvest time, prohibiting an accurate determination of its density.
DISCUSSION
The results suggest a different effect on the water potential of the oak seedlings depending on the companion plant species and the time of the year. Gordon et al. (1989) , who also emphasize the importance of the companion plant and, specifically, its rooting system, report similar results. The same authors found greater water consumption in containers of oaks (Q. douglasii) with Bromus diandrus as compared with those of oaks with Erodium botrys. The grass had higher number of roots and biomass throughout the container and, consequently, a greater water consumption compared with the other species. Koukoura and Menke (1995) found that the negative effect of companion plants on Q. douglasii survival and establishment was relieved only for a plant density of 50 m -2 whereas 199 plants m -2 was considered a high density with pronounced negative results. Another effect of the grasses to its companion plants is the shadow cast by the grass onto the soil. As Muick (1997) mentions, shadowing the soil may result in lower soil water evaporation.
The presence of a companion plant that has completed its life cycle by the end of spring may positively influence the water status of oaks during the summer months due to shading and lower soil water evaporation. On the contrary, when the companion plants continue their life cycle in the summer, the negative effect may be continued, specifically during the very dry months. The clovers used in the present study, being perennial species, continued their growth activities during the summer resulting to higher water demands. Their affect was critical and obvious only when available water was very low due to the climatic conditions. However, the oaks growing with clover performed better indicating a greater drought tolerance. It seems that the presence of the nitrogen fixing plants positively affected oak growth by increasing the available nitrogen. Kim et al. (1996) found that the removal of the dominant stand resulted to increased dry weight and N absorption by Q. rubra plants. These positive effects were partly attributed to the greater quantity of available soil nitrogen. However, further research on the subject is needed before more concrete conclusions can be drawn.
The negative effect of grass on the growth of oaks may be attributed to their shading from the dense grass biomass. Shade grown seedlings in combination with water stress appear to have a lower ability for osmotic adjustment and, subsequently, a lower efficiency in developing drought tolerance mechanisms (Pardos et al., 2005) . Similarly, Čater and Batič (2006) , indicate the combining effect of ground water table and light conditions on the photosynthetic yield and, subsequently, the survival of Quercus robur seedlings. Baker et al. (1981) report that Quercus douglasii growth period differs according to the area. Shoot elongation begins on February or March and continues for 2-3 months. Leaf growth starts in certain areas at the same time with shoot elongation whereas in others right after shoot elongation decreases. Furthermore, Noitsakis and Tsiouvaras (1990) report that Q. coccifera plants responded to drought by decreasing their leaf area growth rate. This decrease in leaf area growth rate is connected with water stress, and appears to be the result of decreased photosynthesis and photosynthates partitioning (Chartzoulakis et al., 1993) . The same authors found that shaded leaves of Actinidia sinensis had lower weight than those exposed to light. Similar results were found by Sung et al. (1998) for Q. rubra and Q. alba seedlings. Additionally, Meletiou-Christou et al. (1993) found that sunleaves of Q. coccifera had more starch, total Ν, proteins, total lipids, and energy content of storage substances as compared with the shade leaves. It may be assumed that the oak seedlings in the present study responded to shade and to decreased soil moisture by decreased growth. Similar results and root/shoot ratios have been found by Tsakaldimi et al. (2000) for plants to which medium water stress were applied. Furthemore, Gordon et al. (1989) found that, due to induced soil drying rates by the companion plants, control seedlings had twice as long roots to those growing in a high density grass treatment. It appears that the positive effect of the grass through shading during the summer was inadequate to override its negative affect on oaks' growth due to water stress during the spring, a period with the highest water demands for physiological processes. Competition with the understory herbs for soil water should be regarded as one of the main factors controlling recruitment of Mediterranean oaks (Esteso-Martínez et al., 2006) . For that purpose, control of the competitive vegetation may decrease the negative results of their presence and increase seedlings' survival.
CONCLUSION
It can be concluded that control of competitive vegetation, especially of grasses, is crucial for Quercus ithaburensis ssp. macrolepis regeneration by natural (from acorns) or artificial (with up to one-year-old seedlings) methods. This control is necessary at least in the first year after establishment, when seedling height is less than that of the competitive vegetation. If the latter can not be removed by some ways (e.g. controlled grazing), then it is safer to use taller oak seedlings of an older age in the reforestation projects.
